An indirect sandwich enzyme-linked immunosorbent assay (ELISA) has been used for vesicular stomatitis virus (VSV) typing using sets of monovalent and polyvalent rabbit/guinea pig antisera for identification of VSV types New Jersey (VNJ) and Indiana (VIND). The VIND polyvalent antiserum (VIND-P) detects any strain of the 3 subtypes of the VIND type (VIND-1, VIND-2, and VIND-3) with the same strong reactivity. It is also possible to subtype the VIND strains using VIND-P rabbit antiserum as capture antibody and monovalent VIND-1, VIND-2, or VIND-3 guinea pig antisera as detector. The ELISA proposed has about 10 times more sensitivity and provides 10% more positive results than does the complement fixation 50% (CF,,) test when epithelial samples are tested.
inoculated intramuscularly with the adjuvanted antigen. The animals were boosted 35 and 42 days later with antigen with and without FIA, respectively. Blood was collected 7 days later. Sera were inactivated at 56 C for 30 min, aliquoted, and stored at -20 C. Guinea pig antisera (for detection in the ELISA and CF,, test) were prepared by infecting and hyperimmunizing the animals with infectious virus previously adapted to this species according to the method described previously. 2, 4 The rabbit and guinea pig VIND polyvalent antiserum (VIND-P) was obtained by mixing proportional aliquots of monovalent VIND-1, VIND-2, and VIND-3 according to their CF,, test titers.
The dilutions of rabbit and guinea pig antisera used in the ELISA and CF 50 test were determined by checkerboard titration against the homologous virus and adjusted to provide an absorbance of 2.0 for the ELISA and an optical density (OD, 545 nm) of 0.00 for the CF,, test, corresponding to 100% reaction for both tests. Rabbit antisera for capture were used at dilutions between 1:8,000 and 1:30,000. Guinea pig antisera for detection in the ELISA were employed at dilutions between 1:5,000 and 1:15,000 and for the CF,, test at dilutions ranging from 1:200 to 1:500 (2.5 50% CF units [CFU 50 , ] ). The VIND-P rabbit and guinea pig antisera showed 
CF 50 test
The CF,, tube test used by the PAFMDC for VSV typing 1 was employed. Briefly Guinea pig antisera were used at the dilution containing 2.5 CFU 50 against homologous virus. The 50% complement hemolytic units (CHU 50 ) for each antigen were determined previously by titrating the complement against the antigens. The antigens were used in their original suspension. Serum, antigen, and complement were used in 200-µ1 volumes, and after incubation at 37 C for 30 min, 400 µ1 of hemolytic system with an OD of 0.66 was added. The mixture was allowed to react for 30 min at 37 C, the tubes were centrifuged, and the degree of reaction was determined by OD measurements. Samples with an OD of 220% for 1 antiserum, in comparison with the heterologous VNJ or VIND antisera, control sera, and antigen, were considered positive for the corresponding type.
For antigen titration, samples were tested in duplicate in 2-fold dilution series, maintaining the other reagents constant. End-point titers were expressed as the reciprocal of the final dilution yielding 50% fixation, estimated according to the Spermann-Karber method.
ELISA procedure
We used the indirect sandwich ELISA based essentially on the method described for FMD virus diagnosis 19 with some modification. 2 1) ELISA plates a were coated overnight at 4 C with 100 µ1 of rabbit antisera and normal rabbit serum optimally diluted in carbonate/bicarbonate buffer, pH 9.6. The plates were subsequently blocked for 1 hr at 24-25 C with 1% ovoalbumin b in Dulbecco's phosphate-buffered saline free of Ca and Mg (PBS) as described previously. 2 The antigens were tested in 50-µ1 aliquots of the original suspension and left to react for 1 hr at 37 C on a plate shaker. 3) Guinea pig sera and conjugate (goat IgG anti-guinea pig IgG/ peroxidase 7 ) were added successively in 50.-µ1 aliquots of the optimal dilution and incubated at 37 C for 30 min on a plate shaker. 4) OPD substrate was added at 50-µ1 volume. The reaction was allowed to proceed for 15 min at 24-25 C and stopped by acidification with 3 N H 2 SO 4 . 5) Absorbances were read with a Flow Multiskan photometer at 492 nm. Antigens, guinea pig sera, and conjugate were diluted in PBS containing 0.05% Tween 20, c 1% ovoalbumin, 2% normal rabbit serum, and 2% normal bovine serum (NBS). The plates were washed 4 times between each step with PBS containing 0.05% Tween 20. Samples with absorbance of 20% or greater for 1 antiserum, in comparison with the heterologous antiserum and normal serum, were considered positive for the corresponding type.
Antigen titration was performed in duplicate using 3-fold dilutions, maintaining the rest of the reagents at constant concentration. End-point titers were expressed as the reciprocal of the final dilution yielding 50% of the absorbance, estimated according to the Spearmann-Karber method. The arrangement of the reagents on the plate for VSV typing is shown in Fig. 1 .
Reference samples
Samples of baby hamster kidney (BHK21) cell cultures 17 infected with VSV from the PAFMDC strain collection were typed and titrated by ELISA and CF 50 test.
Field samples
Epithelial samples collected between 1952 and 1987 from lesions of suspected cases of VS in cattle and swine were sent to the PAFMDC from regions where VS is endemic (Central America, Panama, Venezuela, Colombia, Ecuador, and Peru). A total of 90 samples positives for VNJ (n = 80) and VIND-1 (n = 10) were stored at -20 C in Dulbecco's PBS, pH 7.4, with 50% glycerine. For this study, the samples were retested by the CF,, test and examined for the first time by ELISA. One hundred eighty-three epithelial samples from FMD endemic areas of South America (51 positive for type 0, 67 for type A, 17 for type C, and 48 negative for FMD virus by ELISA) were also tested for VSV typing.
Samples were ground in a mortar with the aid of a pestle and sterile sand and diluted in Dulbecco's PBS to obtain a 20% (w/v) suspension. The suspensions were frozen, thawed, and clarified by centrifugation at 1,500 x g for 10 min. Supernatant fluids were considered as original suspensions (OS) and were tested in this concentration by the ELISA and CF,, test.
Aliquots of OS were inoculated into cultures of BHK cells grown in 2-liter roller bottles. The monolayers were washed with 100 ml of minimum essential medium without serum and with 10 mM Hepes and mM Tris (MEM) d prior to inoculation with 1 ml of OS. Subsequently, 200 ml of the same medium was added to each bottle and then incubated at 37 C in the roller machine until cytopathic effect (CPE) was evident or 48 hr after inoculation. After harvesting, freezing, and thawing, cultures were centrifuged at 1,500 x g for 10 min to eliminate cell debris. The supernatant fluids were tested directly by the ELISA and CF 50 test. Negative samples were passaged 3 times in BHK cells. If at that point there was no CPE and the samples were negative by ELISA and C F 50 test, the specimen was considered to be negative for homologous virus and showed a high heterotypic spec- VSV. ificity. However, VIND-1, VIND-2, and VIND-3 antisera had lower reactivity against the heterologous
Results
subtypes than against the homologous subtypes. The
Spectrum of monovalent and polyvalent antisera
assay of different combinations of monovalent and polyvalent rabbit/guinea pig VIND antisera sets in-The reactivity of sets of monovalent and polyvalent dicated that only the ELISA performed well with rabbit/guinea pig antisera was investigated in the ELISA VIND-P antisera sets, providing a strong reaction with by titration against the homologous and heterologous strains of the 3 VIND subtypes and maintaining a high viruses. All sera provided a strong reaction with the heterotypic specificity. Titration results by ELISA of Table 1 . Comparison of 50% titers of the VSV strains from the collection of the PAFMDC by ELISA and CF,, tests employing monovalent and polyvalent sets of rabbit/guinea pig antisera.
VNJ, VIND-1, VIND-2, and VIND-3 antigens against tween ELISA and CF 50 for positive results and type optimal dilutions of different sets of rabbit/guinea pig specificity. monovalent or polyvalent antisera are shown in Fig. 2 .
One hundred eighty-three OS samples received from To determine the level of reactivity exhibited by the FMD endemic areas were also examined by the ELISA different antisera, the PAFMDC collection of VSV and CF,, test; 135 were positive for FMD virus and strains was titrated by ELISA and CF 50 test. The ELISA 48 were negative. All 183 samples were negative for provided a high degree of specificity when heterologous VSV by both tests. strain subtypes were tested with monovalent sera, in contrast with their reactivity with polyvalent sera. The CF,, provided a similar degree of specificity but the titers were about 10 times lower ( Table 1) .
Application of ELISA for diagnosis
The ELISA and CF,, tests were compared in their sensitivity for the identification of field samples by reexamining OS and passaged BHK cells of 90 CF 50positive epithelial specimens received at the PAFMDC from VS endemic areas between 1952 and 1987. The results confirm the greater sensitivity of the ELISA (92 samples positive for VS) in comparison to the CF 50 test (82 samples positive for VS) for direct identification of VSV in epithelial samples and after further passage in BHK cells (Tables 2, 3 
). No OS sample

Discussion
Because VS in cattle and swine cannot be distinguished from other vesicular diseases on clinical signs alone, laboratory identification of the agent involved is essential for diagnosis. The improvement of techniques in this field is of great importance for prevention, control, and eradication programs of vesicular diseases.
The CF 50 test has solved many problems associated with the conventional CF test for the diagnosis of FMD virus, VSV, and swine vesicular diseases 12, 13 by using antisera adjusted to a dilution containing 2.5 CFU 50 against homologous antigen. Also, the previous determination of the requirement of CHU 50 for each antigen minimizes the anticomplementary effect. Furthernegative in both tests was positive after inoculation of more, the ELISA detects smaller amounts of antigen BHK cell cultures. There was a good correlation be-than do CF tests and is more sensitive. The ELISA in Table 2 . Typing results obtained by ELISA and CF 50 tests in field samples and their BHK cell passages. this study showed a sensitivity 10 times higher than that of the CF 50 test ( Table 1 ).
In the indirect sandwich ELISA previously described for VSV typing, 13 the VIND-1 rabbit/guinea pig antiglycoprotein serum provided low reactivity for detecting strains of VIND-2 and VIND-3 subtypes. We have observed similar results with the VIND-1 rabbit/ guinea pig antiserum obtained with whole virus (Fig.  2 , Table 1 ). Both results suggest the need to test suspect samples of VS against VNJ with VIND-1, VIND-2, and VIND-3 antisera, instead of using only VNJ and VIND-1 antisera, to provide an efficient diagnosis.
When subtyping of the VSV 3 is required, this procedure may be reliably performed by the ELISA using the rabbit VIND-P antiserum as capture antibody and the VIND-1, VIND-2, or VIND-3 guinea pig antisera as detector antibody.
The PAFMDC receives samples from countries where all types and subtypes of VS have been detected.
For many years, the VSV diagnosis has been done by
References the CF,, test performed with VNJ and VIND-P guinea pig antisera. The results show that VIND-P can also be used for the identification by ELISA of virus strains of the 3 VIND subtypes. However, this method requires polyvalent antiserum for capture and detection to ensure accuracy of a VSV diagnosis.
The VSV typing by the ELISA described here, performed with a capture system based on rabbit antisera produced with antigen grown in IB-RS-2 cells and detector antisera produced in guinea pigs by inoculation of infections virus, eliminates reactions against BHK cell antigens and bovine Ig. The detector produced in this way does not require blocking with NBS. 2 The proposed ELISA increases by 10% the positive results obtained by the CF 50 test in the examination of OS samples. Previously, virus could be isolated by cell culture inoculation only in approximately 5% of the negative CF 50 OS samples from VS endemic areas tested by direct examination. Thus, ELISA would improve the success rate of antigen detection directly from the clinical samples.
The failure to identify VSV in 18 and 9 OS samples in the second test (Table 2) by the CF 50 test and ELISA,
